To assess the impact of system factors and modifiable interventions on outcome of cardiac arrest in a pediatric intensive care unit.
C ardiac arrest occurs in 2%-6% of children admitted to a Pediatric intensive care (PICU) unit [1, 2] . Successful resuscitation (return of spontaneous circulation) after in-hospital cardiac arrest has been reported in 70% to 80% of pediatric patients, while survival to hospital discharge was seen in only about half of those successfully resuscitated [3, 4] . Identification of modifiable risk factors for cardiac arrest might help to improve resuscitation outcomes.
Previous studies evaluating the occurrence of and outcome after cardiac arrest in pediatric critical care environments have focused primarily on patient-specific and perioperative factors, features of the arrest, and the resuscitation interventions [5] [6] [7] . Investigations focused on system factors of pediatric cardiac arrest are scarce [8] [9] [10] . We assessed the impact of system factors (timing and date of cardiac arrest, nursing experience, staffing of the unit) and modifiable intensive care unit (ICU) interventions (sedation, analgesia, central venous access) on outcome from cardiac arrest in a Pediatric intensive care unit.
METHODS
We performed a retrospective chart review of every documented cardiac arrest from April 1, 2011 to April 30, 2013 , that occurred within the PICU at the First Affiliated Hospital of Sun Yat-sen University, China. The study was approved by Institutional review board.
The PICU of this hospital is a dedicated 8-bed unit with two pediatricians on round-the-clock duty (a resident and a fellow). Additionally, 4-5 doctors are present in the unit from Monday to Friday during the day time. There are 3-4 nurses at daytime and 2-3 nurses at night. All nurses and physicians are trained in Pediatric Advanced Life Support. All patients undergo cardiopulmonary monitoring in PICU. Every bed is equipped with an emergency cart providing items and medicines for resuscitation.
Sedation, analgesia and central venous access were listed as modifiable pre-arrest interventions. Sedation and analgesia were used more often in patients who had surgical interventions, seizures, mechanical ventilation, or prolonged hospital stay. Agents for sedation and analgesia in our PICU included Fentanyl, Morphine and Midazolam. The incremental increase or decrease in the amount of medication administered is based on the use of formal sedation scores, along with the nurse's assessment of the patient's vital signs.
Children (<14 y of age) who received active chest compressions during cardiopulmonary resuscitation for in-R R R R R E E E E E S S S S S E E E E E A A A A A R R R R R C C C C C H P H P H P H P H P A A A A A P P P P P E E E E E R R R R R VOLUME 52 __ JUNE 15, 2015 The time of arrest since PICU admission was categorized into: <24 hrs or ≥24 hrs. The timing of arrest was categorized into one of four categories: weekday day (8 AM to 6 PM, Monday-Friday), weekday night (6 PM to 8 AM, Monday-Friday), weekend day (8 AM to 6 PM, Saturday and Sunday), weekend night (6 PM to 8 AM, Saturday and Sunday). The experience of the bedside nurse was categorized based on the number of years in our PICU: <1yr or ≥1yr.
The endpoint was successful resuscitation (return of spontaneous circulation) during cardiac arrest. Return of spontaneous circulation was defined as the restoration of a pulse for at least 20 minutes during the cardiac arrest.
The associations with arrest outcome were evaluated using Fisher's exact test. System Variables, modifiable clinic interventions and variables with P<0.1 were entered into a multivariable logistic model to determine their independent contributions to the outcome. A forward-selection procedure was used for entry of variables into the multivariate model, and a variable inclusion criterion was set at P≤0.05. Statistical significance was set at probability value ≤0.05. All analysis was performed using SPSS version13.0.
RESULTS
We retrieved records of 94 patients who had cardiac arrest at our PICU from April 2011 to April 2013. Sixtyone (65%) of the 94 arrest events were successfully resuscitated. Overall survival (to discharge from hospital) for patients having an arrest was 34%. Patients' preexisting disorders are shown in Table I .
The results of univariate analyses are shown in Table  II . For multivariate analysis, system variables (time of arrest since PICU admission, timing of cardiac arrest, experience of bedside nurse), modifiable clinic 
DISCUSSION
In the present study, sedation, positive pressure ventilation and duration of resuscitation were significantly associated with immediate outcome of resuscitation in PICU patients.
There are several limitations to this study. The data were collected retrospectively from a single center which may affect its generalizability. As we collected data from medical records, subjectivity may be a problem. However, we made efforts to ensure that all variables in analyses were collected from objective data. In addition, the small sample size limited our ability to further assess the pre-arrest clinical status, which may be an important factor influencing resuscitation outcome. Outcomes over long-term were also not evaluated in our study.
There was no significant association between system factor variables (time of arrest since PICU admission, timing and date of cardiac arrest nursing experience) and unsuccessful resuscitation in our unit. This result is different from a recent study [8] which reported that less experience of the primary nurse caring for a patient, and weekend timing of an arrest event may increase the likelihood of failure to resuscitate cardiac arrest in a dedicated pediatric cardiac ICU [8] . Other reports also suggest that nurses are greater experience are more likely to provide rapid diagnosis of cardiac arrest and pre-arrest intervention to prevent arrest in pediatric patients [11] [12] [13] [14] . In our PICU, the nursing staff are usually arranged in pairs to ensure that every shift includes an experienced nurse. In addition, two doctors on duty always stay in the unit round-the-clock, both during weekdays and weekends. This staffing model might have been responsible for different results in our study. Our study results suggested that sedation may benefit pediatric critically ill patients. Sedation could facilitate mechanical ventilation, create anxiolysis, analgesia, amnesia, decrease oxygen consumption and reduce dyspnea, thus to increase tolerance to hypoxia, and lead to improved successful resuscitation. However, patients with more severe conditions, such as coma, did not receive sedation in our study. Positive pressure ventilation was also associated with better outcome of successful resuscitation in our study. Positive pressure ventilation provided immediate respiratory support and therefore was beneficial for children with cardiac arrest, who mainly develop arrest secondary to respiratory factors [15, 16] .
No impact of system factors and central venous access on the outcome of cardio-pulmonary resuscitation in our PICU might be relevant to appropriate staffing models. We conclude that pre-arrest sedation in pediatric critical ill patients might be beneficial to the outcome of cardiac arrests. Arrests which have resuscitation attempts >30 min and arrests caused by acid-base disturbance predict a poor prognosis.
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WHAT IS ALREADY KNOWN?
• Successful resuscitation after cardiac arrest is common in in-patient children in intensive care setting.
WHAT THIS STUDY ADDS?
• Successful resuscitation is more common in children who receive sedation.
• Arrests where resuscitation continue for >30 min, and those associated with acid-base disturbances, have lesser odds of successful resuscitation.
